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@ Ceramic filter and process for making It. 



@ A ceramic filter having a good permeability and 
a superior durability, and a process for manufactur- 
ing the same. This filter comprises a porous support 
(10) made of a ceramic, a fine intermediate layer (4) 
formed on one surface of said support (10) and 
comprised of at least one kind of particles selected 
from particles of Sn02, TiOa, ZrOa or CeOz and 
having a particle diameter of not more than 500 A, 
and a thin film (5) formed on the surface of said fine 
intermediate layer (4) and comprised of at least one 
particles selected from particles of Sn02, Ti02, Zr02 
Wl or Ce02 and having a particle diameter of not more 
^ than 300 A and smaller than the particle diameter of 
^ the particles that constitute said fine intermediate 
^ layer (4). Said porous support comprises a base (1) 
^ made of a ceramic, a first intermediate layer (2) 
<0 formed thereon and having a pore size smaller than 
fVI said base (1), and a second intermediate layer (3) 
" formed thereon and having a pore size smaller than 
O said first intermediate layer (2) and larger than said 
fine Intermediate layer (4). 
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CERAMIC FILTER AND PROCESS FOR MAKING IT 



The present invention relates to a ceramic filter 
conn prising a porous support made of a ceramic 
and, formed on one surface thereof, a thin film 
having pores finer than the pores of the support. It 
also relates to a process for manufacturing the 5 
same. 

As a ceramic filter used in the ultrafiltration, 
reverse osmosis or gas separation of pharmaceut- 
icals or food, a filter is known which is comprised 
of a porous support made of a ceramic and, io 
formed on one surface thereof corresponding to the 
side from which a substrate solution is flowed in, a 
thin film having pores (e.g.. 200 A) finer than the 
pores of the support, as disclosed in, for example, 
Japanese Laid-open Patent Application N° 59- 76 
62324, N° 59-102403, N° 59-109203 or N° 60- 
156510. 

The above thin film comprises particles with a 
diameter smaller than the particles constituting the 
support, and is formed by preparing an alumina 20 
sol, a Boehmite sol or a colloidal silica or porous 
silica in the form of a sol which are in the form of 
hydrates formed by alkoxide hydrolysis, aqueous 
solution precipitation or the like, and applying any 
of these sols to the surface of the support, which is 25 
then dried to make it Into a gel, followed by baking. 

In the above conventional ceramic filter, the gel 
particles, when baked in the course of the forma- 
tion of the thin film, may grow to give a large 
diameter, or this may make the thin film amor- 30 
phous, and hence the resulting thin film cannot be 
said to have a sufficient physical and chemical 
strength. To cope with this, the present applicant 
has disclosed in Japanese Laid-open Patent Ap- 
plication N° 2-126924 a ceramic filter In which 35 
particles of Sn02, TIO2 or ZrOa are used as gel 
particles for the formation of the thin film and are 
baked at a low temperature. 

Selection of gel particles and also baking them 
at a low temperature as in the above enables 40 
formation of a thin film having a small pore size 
and a superior durability. However, in the case 
when the thin film is used as an ultrafiltration mem- 
brane or the like, the permeability is also important 
from the viewpoint of operating efficiency. An im- 45 
provement is sought in this respect. 

More specifically, the permeability can be im- 
proved if the thin film is made to have a thickness 
of as small as 1 um or less and the particles 
constituting the thin film are made to have a small- 50 
er diameter. An excessively small film thickness, 
however, may cause the surface of the support, the 
ground, to be partially uncovered, or may result in 
an excessively great difference in particle diameter 
between the particles constituting the thin film and 



the particles constituting the support, tending to 
bring about peeling or cracks. 

An object of represented by is to provide an 
improved ceramic filter having a good permeability 
and a superior durability. 

The ceramic filter of the present invention com- 
prises a porous support made of a ceramic, a fine 
intermediate layer formed on one surface of said 
support and comprised of at least one kind of 
particles selected from particles of SnOa. TiOa, 
Zr02 or CeOa and having a particle diameter of not 
more than 500 A, and a thin film formed on one 
surface of said fine intermediate layer and com- 
prised of at least one particles selected from par- 
ticles of Sn02, Ti02, Zr02 or CeOa and having a 
particle diameter of not more than 300 A, and 
smaller than the particle diameter of the particles 
that constitute said fine intermediate layer. 

The fine intermediate layer can be made to 
have a particle diameter of not more than 500 A 
when baked at a temperature ranging from 400 *C 
to 900" C. The thin film can be made to have a 
particle diameter of not more than 300 A when 
baked at a temperature ranging from 300 °C to 
800" C. 

Sols used for the formation of the above fine 
intermediate layer and thin film are applied to the 
support after addition of a thickening agent to each 
sol. Hence, it becomes easy to control film thic- 
knesses of the films to be formed and also it is 
possible to prevent cracks or peeling from occur- 
ring when a sol is formed into a gel or a coating is 
dried. 

The above and further objects, details and ad- 
vantages of the present invention will become ap- 
parent from the following detailed description of 
preferred embodiments thereof, when read in con- 
junction with the accompanying drawings. 

Fig. 1 illustrates the whole of a ceramic filter 
according to an embodiment of the present in- 
vention. 

Fig. 2 is a partially enlarged cross-sectional view 
of the main part of the ceramic filter shown in 
Fig. 1. 

Fig. 3 is a partially enlarged cross-sectional view 
of Fig. 2 

Fig. 4 is a graph to show the relationship be- 
tween baking temperatures and diameters of 
baked particles. 

Fig. 5 is a graph to show the relationship be- 
tween permeation flux and differential pressure. 
Fig. 6 is a graph to show the relationship be- 
tween defect rate and film thickness. 
Fig. 7 illustrates the whole of a ceramic filter 
according to another embodiment of the present 
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invention. 

Fig. 8 is a cross-sectional view of the ceramic 
filter shown in Fig. 7. 

Fig. 9 is a partially enlarged cross-sectional view 
of Fig. 8. 

In the embodiment as shown in Figs, 1 to 3, a 
ceramic filter A comprises a hollow cylindrical sup- 
port 10 comprising a base 1 made of a ceramic, a 
first intermediate layer 2 and a second intermediate 
layer 3, and a fine intermediate layer 4 and a thin 
film layer 5 which are formed on the inner surface 
of the cylindrical support 10. 

The base 1 made of a ceramic has a length of 
from 200 mm to 1 m, an outer diameter of from 5 
to 25 mm, an inner diameter of from 4 to 6 mm, a 
thickness of from 0.5 to 3 mm, and an average 
pore size of about 10 mm. The first intermediate 
layer 2 formed on the inner surface of the base 1 
has a pore size of about 1 ixm and a thickness of 
about 60 iim. The second intermediate layer 3 
formed on the inner surface of the first intermediate 
layer 2 has a pore size of about 0.1 urn and a 
thickness of about 20 um. The fine intermediate 
layer 4 formed on the inner surface of the second 
intermediate layer 3 has a thickness of 2 mm, and 
the thin film formed on the inner surface of the fine 
intermediate layer 4 has a thickness of from 0.05 
um to 10 um. The fine intermediate layer 4 is 
comprised of Sn02. Ti02, Zr02 or CeOa particles 
with a particle diameter of not more than 500 A. 
The thin film layer 5 is comprised of Sn02, Ti02, 
ZrOa or CeOa particles with a particle diameter of 
not more than 300 A. and smaller than the particle 
diameter of the particles that constitute said fine 
intermediate layer 4, 

Here, some may consider that AI2O3 or SiOa 
can be used as the particles constituting the fine 
intermediate layer 4 and the thin film layer 5. 
When, however, baked at a low temperature, these 
are brought into a non-crystalline state or a highly 
soluble crystalline state in which hydroxy! groups 
are contained in part, and hence disadvantageous 
in view of durability. Thus, it is advantageous to 
use Sn02, TiOa, Zr02 or Ce02, having a high 
crystallinity and a low solubility. 

The diameter of the particle that constitutes the 
thin film 5 may preferably be controlled to be 1/2 
or more of the diameter of the particle that con- 
stitute the fine intermediate layer 4. Selecting the 
particle diameter in this way enables firm linkage at 
the boundary between the thin film 5 and the fine 
Intermediate layer 4, bringing about an Improve- 
ment In peel resistance. Hence, It becomes possi- 
ble to set a high pressure at the time of back 
washing. 

Since the fine intermediate layer 4 is provided 
between the thin film layer 5 and the support 10, 
the surface of the second intermediate layer 3 may 



not be uncovered even when the thin film 5 is 
made to have a thickness of 1 .0 um or less. 

The ceramic filter as described above can be 
prepared according to the following steps. 

6 First, to prepare the base 1 made of a ceramic, 

a ceramic powder as exemplified by alumina, silica, 
mullite, silicon carbide, silicon nitride or zirconia 
with a particle size distribution of from 10 to 30 um 
is used as a starting material, and a composition 

10 comprising the powder is extruded to have a given 
form, followed by firing. 

In the present embodiment, alumina (AI2O3) 
coarse particles are used as an aggregate material 
and alumina-zirconium (Al203-Zr02) mixed parti- 

76 cles are used as a sintering aid, containing not less 
than 90 wt. % of alumina. The alumina coarse 
particles are controlled to have an average particle 
diameter of from 20 to 30 um, and the alumina- 
zirconium mixed fine particles an average particle 

20 diameter of from 0.1 to 0.3 M.m. The alumina 
coarse particles and the alumina-zirconium mixed 
fine particles are blended In a proportion of, .for 
example, 10:2 in weight ratio so that the alumina is 
in an amount of from 80 to 99 wt. % based on the 

25 total weight of the starting materials. Here, a mix- 
ture of materials such as aluminum hydroxide and 
zirconium oxychloride, capable of forming alumina 
and zirconium as a result of oxidation, may be 
used as the alumina-zirconium mixed fine particles. 

30 The starting materials may be blended using a 

stirring mixing machine such as a mixer. It is 
advantageous to use a method in which alumina 
fine particles and zirconium fine particles are mixed 
and dispersed in a solvent such as water in a given 

35 proportion using a ball mill and the resulting disper- 
sion Is added to the alumina coarse particles de- 
scirbed above, or a method In which alumina 
coarse particles and alumina-zirconium mixed fine 
particles are blended in a surface fusing apparatus 

40 so that the alumina mixed fine particles are fusion- 
bonded. 

Thereafter, to the above mixed powder, methyl 
cellulose and water are added as forming aids, 
which are then kneaded. A formed product with a 

45 given shape such as a hollow cylinder or a flat 
plate is prepared using an extruder, and the result- 
ing formed product Is dried, and then sintered or 
fired at a given temperature (for example, 
1,730° C). Suitable molding methods as exempli- 

50 fled by rubber pressing can also be utilized. 

Next, the first intermediate layer 2 and the 
second intermediate layer 3 are successively 
formed on the inner surface of the base 1 . The first 
intermediate layer 2 and the second intermediate 

55 layer 3 may be comprised of the same materials as 
those used in the fine intermediate layer 4 and the 
thin film layer 5. They can be formed, for example, 
by applying the corresponding suitable sols, there- 
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after dehydrating these sols into gels, and further 
drying the gels, followed by baking. They are so 
formed that the first intermediate layer 2 formed on 
the base 1 has a smaller pore size than the base 1 
and the second intermediate layer 3 formed on the 
first intermediate layer 2 has a pore size smaller 
than the first intermediate layer 2 and larger than 
the fine intermediate layer 4. 

The form of the support may not be limited to 
the hollow cylinder as shown in the drawing. The 
support may also be in any form such as a flat 
plate, a disc, or a solid cylinder or a round rod or 
square rod in which a number of through-holes are 
provided in Its longitudinal direction. 

Figs. 7 to 9 illustrate a ceramic filter B com- 
prised of a support having the form of a disc. The 
ceramic filter is provided with a through hole at its 
center and in its thickness direction. Like the em- 
bodiment described above, it comprises a base 1 1 
made of a ceramic, a first intermediate layer 12, a 
second intermediate layer 13, a fine intermediate 
layer 14 and a thin film layer 15. The support of 
this ceramic filter has dimensions of from 10 to 200 
mm in inner diameter, from 100 to 200 mm in outer 
diameter and from 5 to 20 mm in thickness. 

Subsequently, at least one kind of particles 
selected from particles of Sn02, TiOa. Zr02 or 
CeOz are made into a slurry-like sol, which is then 
coated on the surface of the support 10 thus ob- 
tained, corresponding to the side from which a 
substrate solution is flowed in, i.e. on the inner 
surface of the second intermediate layer 3 in the 
present embodiment. Here, the sol may be pre- 
pared in a concentration of from 0.1 to 5 wt. % in 
terms of oxide. The paticles constituting the sol 
may have a diameter of, for example, 35 A or 80 A 
in respect of SnOa, 100 A in respect of TiOg, 140 
A in respect of Zr02 and 50 A in respect of CeOa, 
in approximation. In this instance, if the particles 
constituting the fine intermediate layer 4 has a 
smaller diameter, it becomes difficult for the water 
to permeate unless the fine Intermediate layer 4 is 
made to have a smaller thickness. Now, in the 
present invention, a thickening agent is added to 
the above sol so that the sol can be applied to the 
inner surface of the support 10 in a thickness of 
about 2 um. As the thickening agent, it is possible 
to use, for example, methyl cellulose or hydrox- 
yethyl cellulose. 

After the sol comprising Sn02, Ti02, Zr02 or 
CeOz is applied to the inner surface of the second 
intermediate layer 3 of the support 1 0 in the man- 
ner as described above, the sol is dehydrated into 
a gel. Then, the resulting gel is dried and thereafter 
baked at a temperature ranging from 400 'C to 
900 so that the baked gel particles may have a 
particle diameter of not more than 500 A taking 
into consideration the relationship between the bak- 



ing temperatures and the diameters of baked par- 
ticles shown in the graph of Fig. 4. The fine inter- 
mediate layer 4 is thus formed. 

Next, the above sol to which the thickening 
5 agent has been added is coated on the inner 
surface of the fine intermediate layer 4, and then 
dehydrated into a gel. Thereafter, the gel is dried 
and then baked at a temperature ranging from 
300 C to 800 ' C and at a temperature lower than 
10 the baking temperature for the above fine inter- 
mediate layer 4 so that the baked gel particles may 
not grow to have a particle diameter of more than 
300 A. The thin film layer 5 is thus formed. 

Permeation resistance (R) of the thin layer por- 
ts tion including an intermediate layer, if any, is ex- 
pressed as follows based on the Hagen-Polseuille's 
equation : 
R = Q/(d)2 X c 

wherein 12 is a film thickness, d is a pore size, and 
20 c is a constant. 

Application of the above equation to a conven- 
tional thin film (film thickness : 1 um ; pore size ; 
100 A) follows : 

Ri = 1/(100)2 = 1/10,000 (1) 
25 Here, the pore size is proportional to the par- 

ticle diameter. For example, when the particle di- 
ameter is 500 A, the pore size comes to be about 
200 A. 

On the other hand, application of the above 
30 equation to a thin film according to the present 
invention (thickness of thin film : 0.5 um ; pore size 
of thin film : 100 A ; thickness of intermediate layer 
: 1 iLim ; pore size of intermediate layer : 200 A) 
follows : 

35 Hz = 0.5/(100)2 + 1/(200)2 = 3/40,000 (2) 

Comparison of the equation (1) and the equa- 
tion (2) reveals that the present invention brings 
about an improvement in permeability by 25 % on 
the theoretical basis. 

40 Fig. 5 is a graph to show test results on the 

permeability. As Is evident also from this graph, the 
present invention is seen to bring about a great 
improvement In the permeability. 

Fig. 6 is a graph to show the relationship 

45 between defect rates and film thicknesses of thin 
films. As is evident from this graph, conventional 
thin films result in an increase in defect rates with a 
decrease In film thickness, but the present inven- 
tion can decrease the defect rate. 

so Although there have been described what are 

at present considered to be the preferred embodi- 
ments of the invention, it will be understood that 
the invention may be embodied in other specific 
forms without departing from the essential char- 

55 acteristics thereof. The present embodiments are 
therefore to be considered in all respects as illus- 
trative, and not restrictive. The scope of the inven- 
tion is indicated by the appended claims rather 
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than by the foregoing description. 



Claims 

5 

1 . A ceramic filter comprising : 

a porous support (10) made of a ceramic ; 

a fine intermediate layer (4) formed on one surface 

of said support (10) and comprised of at least one 

kind of particles selected from particles of SnOa, io 

Ti02, Zr02 or Ce02 and having a particle diameter 

of not more than 500 A ; and 

a thin film (5) formed on the surface of said fine 

intermediate layer (4) and comprised of at least 

one particles selected from particles of Sn02, Ti02, 15 

Zr02 or Ce02 and having a particle diameter of not 

more than 300 A and smaller than the particle 

diameter of the particles that constitute said fine 

intermediate layer (4), 

2. A ceramic filter according to claim 1, wherein 20 
said porous support comprises a base (1) made of 

a ceramic, a first Intermediate layer (2) formed on 
said base (1) and having a pore size smaller than 
said base (1). and a second intermediate layer (3) 
formed on said first intermediate layer (2) and " 25 
having a pore size smaller than said first Intermedi- 
ate layer (2) and larger than said fine intermediate 
layer (4). 

3. A ceramic filter according to claim 1, wherein the 
particles that constitute said thin film (5) has a 30 
particle diameter of not less than 1/2 of the particle 
diameter of the particles that constitute said fine 
intermediate layer (4), 

4. A ceramic filter according to claim 1, wherein 

said thin film (5) has a thickness of from 0.05 um 35 
to 10 mm. 

5. A ceramic filter according to claim 1, wherein 
said porous support (10) is in the form of a hollow 
cylinder. 

6. A ceramic filter according to claim 1, wherein 4o 
said porous support (10) is in the form of a disc 
provided with a through hole at its center and in its 
thickness direction. 

7. A ceramic filter according to claim 1, wherein 

said porous support (10) is comprised of i) a ma- 45 
terial comprising alumina coarse particles used as 
aggregates and ii) alumina-zirconium mixed fine 
particles used as a sintering aid, containing not 
less than 90 wt. % of alumina, which are so blend- 
ed that the alumina is in an amount of from 80 to 50 
99 wt. % based on the total weight of the starting 
materials ; said material being shaped, followed by 
sintering. 

8. A process for manufacturing a ceramic filter, 
comprising the steps of : 65 
preparing a sol comprised of at least one kind of 
particles selected from particles of SnOa, TIO2, 
ZrOa or CeOa : 



adding a thickening agent to said sol ; 
coating the sol to which said thickening agent has 
been added, on one surface of a porous support 
(10) made of a ceramic ; 
dehydrating the coated sol into a gel ; 
baking said gel at a temperature of from 400* C to 
900* C to form a fine intermediate layer (4) on the 
surface of said support (10) ; 
coating said sol to which said thickening agent has 
been added, on the surface of said fine intermedi- 
ate layer (4) ; 

dehydrating the sol coated on the fine intermediate 
layer (4), into a gel ; and 

baking the gel on the fine intermediate layer (4) at 
a temperature of from 300 °C to 800 °C and at a 
temperature lower than the baking temperature for 
said fine intermediate layer (4) to form a thin film 
(5) on the surface of said fine intermediate layer 
(4). 



5 



EP 0 426 546 A2 





6 



EP 0 426 546 A2 



FIG.4 



2000A 
(0.2um) 



1500 

cc 

\- 
bJ 

< 

QlOOOA 
iCO.Ijjm) 



txJV 

o 

2 



500 



SOL PARTICLE 
DIAMETER 




200 400 600 800 

BAKING TEMPrC) 



1000 



7 



EP 0 426 546 A2 



FIG.5 



I - 




DIFFERENTIAL PRESSURE (kgf/cm^ ) 



EP 0 426 546 A2 



FIC.6 

0.2 * 




FILM THICKNESS (urn) 



g 



EP 0 426 546 A2 





FIG. 9 




10 



